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1972 NR review). 

(d) Maintenance of technical excellence. 
'I 

(e) Landing site effects. I 

Skylab Program i 

t 

After a brief orientation early in the year the major activi- 

ties conducted here included: 

(a) Program problem solving mechanisms. 

(b) 

(c) Supplier control. 

(d) Management for interfaces and integration (design through 

Utilization of ApollolGemini experience and hardware. 

checkout). 

(e) Assessment against "Centaur" and "Delta" Board Reports, 
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TO : Mr. Dale D. Myers, Associate  Adminis t ra tor ,  O f f i c e  
of Manned Space F l i g h t  

FROM: Dr. George M. Low, Acting AdminLstrator 

Since w e  w i l l  soon begin t h e  Apollo "J" miesions,  I have asked 
the Aerospace Safety Advisory Panel t o  review the  changes j n t r o -  
duced with Apollo 15 and t h e  a t t e n d a n t  syetem f o r  rielc clnscss- 
nicnt, i nc lud ing  those t e c h n i c a l  management eyetems tha t  jmpact 
i t .  

I have a l s o  asked the  Panel to revlcw the contjnriing cvolut-ion 
O f  thc r i s k  asseGsnicnt system on the S k y h b  and Space SlriltLle 
programs . " h i e  a g a i n  would inc lude  thoec t e c h n i c a l  mnnagement 
systems t h a t  would impact r i s k  assessment. 

The review, ae now planned, w i l l  take t h e  Panel to  the Manned 
Space F l i g h t  Centere and a p p r o p r i a t e  major c o n t r a c t b r a  beginning 
i n  e a r l y  February. 

The Wnned Space F l i g h t  o r g a n i z a t i o n ' s  con t inu ing  support  of the 
Panel ac t iv i t i e s  i s  apprec ia t ed .  

\ 

' 

GEORGE M. L O W  
Acting M m i n i a t r a t o r  
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FOREWORD 

This i s  i n  response t o  the  Adminis t ra tor ' s  r eques t  of 

January 1971 f o r  t he  Panel t o  r ev iew, the  changes introduced 

wi th  A p o l l o  15 and the a t t e n d a n t  system for r i s k  assessment, 

i nc lud ing  those t e c h n i c a l  management systems t h a t  impact i t .  

The Panel, as  a result :  of t hese  reviews, provides  h e r e  a judg- 

ment on the impact of changes and the a t t e n d a n t  system f o r  

r i s k  assessment by management. 

+ 

Thc. conclus ions  arc  offered t o  the Adminj.strator f o r  con- 

s i d e r a t i o n  i n  h i s  review of t he  Apollo 15 mission changes and 

t h e i r  nianagemcnt . 
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CONCLUSIONS 

This i s  a concise s ta tement  of t he  conclusions reached by the  

Aerospace Sa fe ty  Advisory Panel based..,on material presented be- 

tween February and J u l y  1 9 7 1  on the Apollo 15 mission. De ta i l s  

are i n  the. body 01 the  report. 

(1) The A p o l l o  Program Office,  Manned Space f l igh t  Centers 

and Apollo c o n t r a c t o r s  involved i n  our  review provided reason- 

a b l e  evidence t h a t  they have appli.ed c a r e f u l  planning and r e -  

sponsible  management t o  t h e  design,  development and q u a l i f i c a t i o n  

of new and modified elements of f l i g h t  systems t d  be used i n  the 

Apollo 15 mission. 

(2)  The managcmcnt system f o r  r i s k  assessiiient appears 

thorough;nnd through i t  ,seni.or program manage.mcnt has concluded 

that: the changes mndc i n  thc Apol.10 15 f l i g h t  system t o  m c c t  the  

"J" mission requireaicnts have not  impaired the  previously a t t a i n e d  

crew s a f e t y  l e v e l .  

(3) To a s s u r e  t h a t  t he  Administrator i s  provided adequate 

background on the Apollo 15 mission,i tems such as the  followi.ng 

should be inc  luded i n  the  Apol l o  "readiness  review: 

(a) Mission r u l e s  c o n s t r a i n i n g  EVA i f  the  s a t e l l i t e  

cannot be j e t t i s o n e d  o r  SIM booms r e t r a c t e d ,  

(b) Mission r u l e s  and the  f l e x i b i l i t y  permitted the s s t r o -  

nau t s  i n  ope ra t ion  of the L R V  a n d  asscssrncnt of L K V  l i m i t a t i o n s .  

(c) S t a t u s  of changes i n  thc spacesu i t  involving new 

zippers ,  bootbladders and increased PLSS c a p a b i l i t y .  
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(d) The assessment of r i s k s  a s soc ia t ed  with the use of a 

t e f l o n  o u t e r - s u i t  covering backed by flame r e t a r d a n t  be t a  c l o t h .  

(e) The p o s s i b i l i t y  of using the LCRU t e l e v i s i o n  system 

f o r  d i agnos i s  of L R V  nialfunctions.  

l'he system f o r  eva lua t ing  the  impact of l i g h t n i n g  ( f )  

s t r i k e s  on the v e h i c l e .  Note should be made of t he  eva lua t ion  

poss ib l e  a f t e r  hypcrgol ic  loading, p a r t i c u l a r l y  i n  the  area of 

spacec ra f t  engine log j  c .  

(8) l'he system f o r  assessment of r i s k s  a s soc ia t ed  with 

the j e t t i s o n  of t he  S c i e n t i f i c  Instrument Module (SIM) door .  

(h) The o p e r a t i o n a l  s t a t u s  of t he  KSC Launch Control 

Center Alert  System. 

(i) 

ing probe and the  b a s i s  f o r  probe redcsign.  

The unresolved na tu re  of t he  anomaly on the dock- 

(3) I f  t h e  sys t em conf igu ra t ion  remains s t a b l e ,  and performance 

on Apollo 15 i s  as expected, the following a r e  i t e m s  t h a t  should be 

reviewed by s e n i o r  management on subsequent "J" missions f o r  t h e i r  

c u r r e n t  s i g n i f i c a n c e  : 

(a) Possible  a g e - l i f e  and s t o r a g e  problems. 

@) Changes i n  personnel assignments,  i n d i v i d u a l  re- 

s p o n s i b i l i t i e s  and o the r  personnel a c t i o n s .  

(c) Changes i n  management systems and p o s s i b l e  relax- 

a t j o n  of program d i s c i p l i n e  and c o n t r o l s .  
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SUBJECT 

Review of changes introduced on the Apollo 15 and f u t u r e  "J" 

missions,  a s  w e l l  as the app l i ed  r i s k  management system. 

p l i s h  t h i s  review, the Panel convened4at NASA and c o n t r a c t o r  s i tes  

To accom- 

t o  examine t h e  new and modified elements of the Apollo 15 mission, 

t h e i r  requirements,  and those a s p e c t s  of t e c h n i c a l  management nec- 

e s s a r y  t o  achieve "J" mission o b j e c t i v e s .  

PROLOGUE 

With t h e  successf i i l  completion of the Apollo 14 mission o r  

l a s t  "H" mission, program e f f o r t s  are focused on t h e  "J" missions 

of which Apollo 15 i s  the f i r s t .  

S i g n i f i c a n t  changes i n t r o d u w d  wi.th the Apo l lo  15 mission, 

scheduled for launch no ea r l i e r  than July 2 6 ,  1971, included: aug- 

mented LM c a p a b i l i t y ;  Lunar Roving Vehicle and a s soc ia t ed  LM stow- 

age changes; CSM S c i e n t i f i c  Instrument Module (SIM) r equ i r ing  Extra- 

veh icu la r  A c t i v i t i e s  (EVA); modified Extra-Vehicular Mobil i ty-Unit  

(EMU); and, t he  a t t e n d a n t  launch v e h i c l e  modif icat ions f o r  increased 

payload c a p a b i l i t y .  The t a s k  d i r e c t e d  t o  the Panel i s  defined i n  

a l e t te r ,  dated January 26, 1971., from the  then Acting Administrator,  

Appendix A. 

I n  accordance with t h i s  r eques t ,  t he  Panel v i s i t e d  the th ree  

manned spacec ra f t  c e n t e r s  (MSFC, MSC and KSC); the Lunar Roving 

Vehicle Contractor  a t  Kent, Washington; t he  Goddard Space F l igh t  

Center (GSFC); and the Apollo Program Of f i ce ,  Washington, D.C. 

These reviews occurred during the February t o  June 1971 per iod.  
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This r e p o r t  p re sen t s  t h e  Pane l ' s  conclusions based on t h i s  

s e r i e s  of  Apollo 15 reviews. Such judgments are presented f o r  the 

Adminis t ra tor ' s  use i n  h i s  ove r s igh t  of NASA operat ions.  

SCOPE AND METHODOLOGY OF mvmg *.# 

The Apollo space veh ic l e  system i s  beyond the  developrncnt 

phase and w e l l  i n t o  the  o p e r a t i o n a l  phase. With t h i s  i n  mind, t he  

reviews emphasized the "H" t o  "J" mission and hardware d i f f e r e n c e s ,  

i n d i c a t o r s  of  hardware problems, including test  f a i l u r e  and p r i o r  

f l i g h t  anomalies, and a s c e r t a i n i n g  whether t he  hardware i s  being 

used i n  the manner intended. I n  a d d i t i o n ,  t h e  reviews involved 

exandaation of systems which d e f i n e  hazards  and t h e i r  c o n t r o l  (e.g. ,  

s a f e t y ,  r e l i a b i l i t y ,  q u a l i t y  assurance,  t e s t ,  maintenance) arid t he  

l o g i c  leading t o  accepted r i s k  assumptions. 

Since the  review e f f o r t  w a s  supported by subsystem managers 

and p r o j e c t  managers t h i s  a f fo rded  the Panel an opportuni ty  t o  

examine t o  some depth t h e  e x i s t i n g  manpower support  a t  the f i e l d  

c e n t e r s .  

Bas i ca l ly ,  then, the Panel looked a t  each of t he  following 

gene ra l  areas with i t s  a s soc ia t ed  c r i t e r i a  f o r  judgment: 

(a) New and modified elements of the Apollo 15 space 

system f o r  proof of design mzturi ty .  

@) Preva i l ing  managcmcnt s t r u c t u r e  and p o l i c i e s  with 

emphasis on the r i s k  management a c t i v i t i e s  including hazard i d e n t i -  

f i c a t i o n  and c o n t r o l ,  r i s k  assessment,  and r i sk  assumption. 

(c) Formal s a f e t y  a c t i v i t y ,  i t s  u t i l i z a t i o n ,  and impact. 
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(d) Apollo 14 anomalies and f a i l u r e s  - t h e i r  ana lyses  

and r e s o l u t i o n  with r e s p e c t  t o  Apollo 15. 

(e) Retention of c r i t i c a l  knowledge and s k i l l s  wi th  d i -  

minishing c o n t r a c t o r  and vendor support .  
*) 

(f) The c u r r e n t  r e l a t i o n s h i p  between c e n t e r s  i n  r e s o l v i n g  

i n t e r - c e n t e r  hardware problems. 

Each review ( loca t ion  and gene ra l  con ten t )  i s  descr ibed  below 

t o  h e l p  p l ace  the  Panel ' s  summary and conclusions i n  the  proper  

perspec t ive .  

LOCATION : MSFC, Hun t sv i l l e ,  Alabama 

DATE : February 8-9, 1 9 7 1  

MATERIAL COVERED: See Appciidix B 

The purpose he re  was, f i r s t ,  t o  understand the  r e s u l t s  of 

Apollo 14 and t h e i r  impact on the  'Launch v e h i c l e  ass igned t o  Apollo 15; 

second, t o  examine launch v e h i c l e  changes; and, t h i r d ,  understand the  

Lunar Roving Vehicle (LRV) which forms a v i t a l  p a r t  of t he  new "J" 

mission space systems f o r  A p o l l o  15, 16 and 17. 

t he  Panel w a s  exposed t o  a b a s i c  type review on management, tech-  

I n  the  a r e a  of LRV, 

n i c a l  change s t a t u s ,  and schedules  only s i n c e  the  LRV i t s e l f  would 

be examined i n  d e t a i l  a t  both the  c o n t r a c t o r ' s  p l a n t  (Boeing Company) 

and MSC. 

LOCATION : Apollo Program Off ice ,  Washington, D.C., 

and Goddard Space F l i g h t  Center. - 
DATE : March 8-9, 1971  

MATERIAL COCTERED: See Appendix C 
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This  meeting provided the  Apollo Program Di rec to r ' s  assessment 

and top l e v e l  view of two major a r e a s .  These were: an Apollo 14 

mission r e p o r t  which covered i n  d e t a i l  t he  anomalies r e s u l t i n g  

from t h a t  mission along wi th  t h c i r  rqTolu t ion  (as known a t  t h a t  

t ime) ,  and the  Apollo 15 mission d i f f e r e n c e s  i n  both hardware and 

opera t ions .  The Apollo Program Direc tor  indic.ated the  areas of 

r i s k  (e.g., f i r s t  t i m e  use  of t he  LRV and SIM) and the  s t e p s  being 

taken to minimize them. Included i n  t h i s  review w a s  t he  r o l e  of t he  
. 

Manned Space F l igh t  Network based a t  Goddard Space F l i g h t  Center in-  

d i c a t i n g  t h e i r  p a r t  i n  such th ings  as  contingency planning. , 

LOCATION : The Boeing Company, Kent, Washington 

DATE : Apr i l  12-13, 1971 

MATERIAJ> COVEW,D: See Appendix D 

This  review was a n a t u r a l  follow-up t o  the  MSFC and Apollo Pro- 

gram Direckor' s d i scuss ions  concerning t h e  Lunar b v i n g  Vehicle and 

i t s  p lace  i n  the  Apollo "J" missions.  It w a s  a l s o  an oppor tuni ty  

fo r  Panel members t o  see  the  v e h i c l e  f i r s t -hand  and t o  observe t h e  

f a b r i c a t i o n  and test opera t ions  i n  process .  The a v a i l a b i l i t y  of 

personnel  d i r e c t l y  r e spons ib l e  for des ign ,  test  and checkout pro- 

vided an  oppor tuni ty  for c l o s e r  s c r u t i n y  by the  Panel of the  key 

personnel  involved. 

LOCATION: MSC, Houston, Texas 

c DATE : May 10-11, 1971 

MATERIAL COVERED: See Appendix E 

Because of t he  l a r g e  p a r t  played by those  ope ra t ions  and equip- 
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ments under MSC cognizance,  t he  Panel found the  review h e r e  t o  be 

most important .  The crew i n t e r f a c e  and spacec ra f t  changes form 

t h e  l a r g e s t  p a r t  of t he  expanded Apollo 15 c a p a b i l i t y  and g ive  

rise t o  the  g r e a t e s t  concerns as t o  hazard i d e n t i f i c a t i o n  and 

c o n t r o l .  This  meeting was then the  apex of t h i s  s e r i e s  of Apollo 15 

assessment reviews. 

LOCATION : KSC, Cape Kennedy, F lor ida  

DATE : June 14, 1971 

MATERIAL COVERED: See Appendix F 

1his rcview provided the  Panel with a n  i n s i g h t  i n t o  the Apo l lo  15 

launch p repa ra t ion  and checkout ope ra t ions  and t.ook i n t o  account t he  

information der ived from the  previous reviews. O f  p a r t i c u l a r  i n t e r e s t  

w a s  t he  system for hazard i d e n t i f i c a t i o n  and c o n t r o l  as app l i ed  a t  

KSC. An i n t e r e s t i n g  a spec t  of t h i s  meeting was the  oppor tuni ty  afforded 

the  Panel t o  see the  new " a l e r t  system: (caut ion and warning) i n  a c t u a l  

ope ra t ion  a t  the  Launch Control  Center dur ing  the  Apollo 15 F l igh t  

Readiness Test  (FRT) . 
LOCATION : NASA Headquarters,  Washington, D.C. 

DATE : J u l y  12-13, 1971 

MATERIAL COVERED: Sec Appendix G 

This meeting with the  Apollo Program Direc tor  provided the  Panel 

members an oppor tuni ty  t o  explore  the  c u r r e n t  s t a t u s  of t he  Apollo 15 

hardware and t e c h n i c a l  management items of i n t e r e s t  genersted dur ing  
Y 

t he  previous s e r i e s  of reviews. Included i n  the  d i scuss ions  were 

the  r e s u l t s  of t he  F l igh t  Readiness Review. The meeting w i t h  the 
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NASA Administrator centered on t h e  Panel ' s  Apollo 15 a c t i v i t i e s  and 

obse rva t ions .  

GENE RAT, ASSESSMENT 
'-f 

The r e s u l t s  of these b r i e f i n g s ,  t oge the r  with the  d a t a  exchanged 

between Panel merubers, Panel s t a f f ,  t he  Center and con t r ac to r  per- 

sonnel has  been used as the b a s i s  f o r  the conclusions contained 

h e r e i n .  

Note t h a t  material presented a t  t h e  Panel meetings i s  contained 

i n  i t s  e n t i r e t y  i n  i n d i v i d u a l  d a t a  packages maintained i n  the Panel 

f i l e s  and i s  no t  appended t o  t h i s  r e p o r t .  Appendices B through G 

i n d i c a t e  the  material  covered by t he  Panel o r  background upon which 

t h i s  assessment i s  b u i l t .  A s i d e  i s s u e ,  but  one of importance, was 

the  degree t o  which app l i cab le  a s p e c t s  of the Apollo 13 recomnien- 

d a t i o n s  and ensuing NASA a c t i o n s  c a r r i e d  over t o  the Apollo 15 and 

subsequent n i i s  s i o n s .  

APOILO 14 LAUNCH VEHICLE PLIGIIT EVALUATION 

The MSFC p r e s e n t a t i o n  b a s i c a l l y  ind ica t ed  t h r e e  t h i n g s :  

(a) Launch v e h i c l e  performance w a s  nominal. 

@) 

(c) Launch v e h i c l e  problems which d id  occur w e r e  minor. 

S - I 1  Pogo e f f e c t s  had been co r rec t ed .  

These minor problems involved LU te lemetry equipment f a i l u r e  re- 
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APOLLO 14 PROBLEM 

TABLE I 

CSM APOLLO 14 PROBLEMS 

Docking Probe Latch, d i f f i c u l t y  
i n  Probe-to-Drogue l a t c h i n g  

High Gain Antenna, f a i l u r e  t o  
lock-up i n  Narrow Beam Mode 

Motor Switch f o r  Bat tery Bus, 
f a i l e d  t o  c l o s e  

KNOWN STATUS 
I 

Actual cause unknown. Actions 
taken t o  a l l e v i a t e  p o s s i b l e  
problems. 

Addit ional  s c reen ing  f o r  d e f e c t s .  
Cables, connectors a n d ' t h e i r  
assembly modified t o  c o r r e c t  
f a b r i c a t i o n  problems. Retest  
completed. 

Verify t rar isfer  times f o r  a l l  
(32) switches on spacec ra f t  . 
I f  ou t  of tolerarlce,  replace 
switch.  Work continltcs on 
i d e n t i f y i n g  source and mechan- 
i s m  of cor'tamFnate build-up on 
commutators. 

C i r c u i t  Breaker, Bat tery t o  Non-c r i t i ca l ,  crew awareness 
Main Bus, i n t e r m i t t e n t  ope ra t ion  f o r  breaker reset ,  

VHF, Low Signa l  Strength No modif icat ion,  n o n - c r i t i c a l .  
Poss ib l e  use  of S-Band vo ice  
as back-up. 
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sulting in the loss of non-critical measurements. There is no . 

anticipated impact on A p o l l o  15. 

APOLLO 1.4 SPACECRAFT FLIGHT EVALUATION 

'* CSM 

Problems and status as known are shown in Table I. Of these 

- 

the docking probe's inability to capture the drogue until the sixth 

attempt certainly warranted further investigation. 

been undergoing intensive study and to date no substantive cause 

can be assigned to this problem although there are several theories. 

This u n i t  has 

A s  a result of thorough testing and analyses, the followi.ng corrective 

actions were indicated as under way: 

(1) Establish tighter configuration management (drawing 

control) and inspection procedures; provide a removable probe head 

cover to reduce possible contamination; and, conduct of checkout 

tests as late as possible in launch preparation period (all of this 

without interfering with the basic mechanism). 

(2) Lock-wire retention of  shear-pin fragments and a de- 

sign change to the cam assembly to eliminate obvious marginal design 

features. With "cause unknown," the making of such design changes, e .g . ,  

modifications to insure centering of the motor drive shaft, decreasing 

the sensitivity t o  side loads and reduction of friction, requires that 

extra caution be exercised to preclude the possible creation of other 

subtle problems. 
c 
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An area no t  pursued i n  d e t a i l  a t  the t i m e  of the review bu t  worthy 

of cons ide ra t ion  a r e  p o s s i b l e  drogue to l e rance  problems which 

might poss ib ly  cause l a t c h e s  t o  not  engage. It i s  understood t h a t  

s u b s t a n t i a l  a d d i t i o n a l  t e s t i n g  of the,modified l a t c h  assembly has  

been s u c c e s s f u l l y  conducted a t  t he  f a c t o r y  and at KSC. This i s  

mentioned as background f o r  t he  Adminis t ra tor ' s  review. 

The Apollo 14 02 system, modified a f t e r  t he  Apollo 13 inves t i - .  

ga t ion ,  demonstrated i t s  c a p a b i l i t y  t o  m e e t  s p e c i a l  and emergency 

cond i t ions  f o r  Apollo 15 and subsequent "J" missions.  Further ,  i t  

e s t a b l i s h e d  the  h e a t  t r a n s f e r  c h a r a c t e r i s t i c s  of t he  O2 tank (and i t s  

coriiponents) which provides f u r t h e r  s e c u r i t y  i n  t h e i r  "J" mission use.  

Probleins and s t a t u s  as known are slioim i n  Table 11. None of  

these  appear t o  pose a problem i n  e i t h e r  t h e i r  r e s o l u t i o n  o r  impact 

on Apollo 15 mission. If,  f o r  example, t he  LM landing r a d a r  problem 

were t o  occur on Apollo 15 cu r ren t  knowledge i n d i c a t e s  i t  would not  

be the problem f o r  Apollo 15 t h a t  i t  w a s  on Apollo 14. Greater  knowl- 

edge provides i n s i g h t  i n t o  handling of such problems. 

HYCON CAMERA FAILURE ON APOLLO 14 

The u n a v a i l a b i l i t y  of h igh  r e s o l u t i o n  p i c t u r e s  of the Apollo 15 

landing s i t e  r e q u i r e s  real  time, closed loop, mission c o n t r o l  w i th  

e x p e r t s  on the ground observing the ope ra t ion  of the LRV and pro- 

v i c i n g  appropr i a t e  guidance to t he  crew. 

THE APOLLO 15 NISSION ("J'l Mission) 

The important d i f f e r e n c e s  i n  Apollo 15 from Apollo 14 are  re- 
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LM APOT,LO 14 PKOBLEMS 

LM Problem ' Status - 
Intermittent Steerable Antenna Cause unknown. Resolution still 
Operation in progress. 

Ascent Battery #5 - voltage 
slightly lower than expected Additional test to be conducted 
(0.3 volts) at KSC. 

Improve quality control at vendor. 

LM Landing Radar - switch from Wiring change to lock radar in 
high to low scale at too high high scale until 7,500 feet 
an altitude. (71,000 ft.) altitude. 

Abort Guidance System - failed No evidence of a design de- 
in standby mode - no warning or ficiency or generic problcm. No 
alarm given corrective action. 
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TABLE 111 

INCREASED CAPABILITIES FOR APOLLO 15 

Lunar surface s c i e n t i f i c  payload doubled 

S c i e n t i f i c  Instrument Module (Service Module) 
'4 

Lunar surface stay-time doubled 

CSM/EVA during trans-earth portion of mission 

Increased lunar surface operational range 

Earth launch azimuth 80° - 100' (previous 7 2 O  to 96') 

Apollo 15 launch vehic le  payload capabil i ty  - 108,730 pounds 
(+ 6,630 pounds) 
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l a t e d  t o  t r a j e c t o r y  p r o f i l e ,  lunar  landing a t t i t u d e - r a n g e  p r o f i l e ,  

increased  luna r  s tay- t ime,  CSM ex t r a -veh icu la r  a c t i v i t y ,  and i n -  

c reased  sc ience  c a p a b i l i t y .  The increased  mission requirements,  

t r a j e c t o r y  c h a r a c t e r i s t i c s  and launce  v e h i c l e  changes are shown i n  

Table 111. 

LAUNCH VEHICLE 

The "J" mission changes t o  the  Sa turn  launch v e h i c l e  were 

made t o  meet requi red  payload commitment without  degrading crew 

s a f e t y ;  t o  improve r e l i a b i l i t y  and s a f e t y ;  and, c o r r e c t  anomalies.  

The most s i g n i f i c a n t  changes a r e  b r i e f l y  commented on he re  - 

as t o  t h e i r  poss ib l e  impact on miss ion .success .  

sented by MSFC ind ica t ed  the  b a s i c  ope ra t iona l  d a t a  for  r l s k  a s s e s s -  

ment t o  be sound and ind ica t ed  a thorough 

presented .  

Mater ia l  pre-  

There was no reason t o  ques t ion  the  technica l  q u a l i t i e s  

of t he  dec i s ions .  

Payload inc reases  r e l a t e d  t o  opt imizing around the  accomplish- 

ment of Translunar  I n j e c t i o n  (TLI) a t  f i r s t  oppor tuni ty  r a t h e r  than 

providing equal  payload c a p a b i l i t y  a t  e i t h e r  f i r s t  o r  second oppor- 

t u n i t i e s  has  small impact on mission success  confidence l e v e l  (99.9% 

t o  99.60%). 

Launch v e h i c l e  hardware and ope ra t iona l  changes t o  inc rease  

oad c a p a b i l i t y  would appear  t o  have l i t t l e  e f f e c t  on s a f e t y  

and r e l i a b i l i t y .  

ma tu r i ty  of these  v e h i c l e s  and the  support  equipnent and personnel .  

Much of t h i s  can be d i r e c t l y  r e l a t e d  t o  the  I 

For example, r e o r i f i c i  For example, r e o r i f i c i  
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t h r u s t  on S-IC s t a g e  follows similar  e f f o r t s  of t he  same na tu re  which 

have p rev ious ly  shown no adverse e f f e c t s .  On the o t h e r  hand, the 

r e p l a c i n g  of S - I 1  s t a g e  LOX and LH2 tank pressurizat i .on r e g u l a t o r s  

with o r i f i c e s ,  thereby d e l e t i n g  t h e  a t e p - p r e s s u r i z a t i o n  of t h e  LOX 

tank, has  i n  f a c t  e l iminated a s i n g l e  f a i l u r e  po in t  and should a i d  

system r e l i a b i l i t y .  

In  a d d i t i o n  t o  ob ta in ing  g r e a t e r  payload o t h e r  changes were . 

made t o  t h e  launch v e h i c l e  t o  enhance r e l i a b i l i t y  and s a f e t y  (Table I V ) .  

The Panel f e e l s  t h a t  t hese  were mLnor sof tware changes and appear 

t o  enhance mission success .  I n  f a c t  t hese  changes might have been 

i n  the  works f o r  some t i m e  p r i o r  t o  Apollo 15. In  m e  case: re- 

v i s i o n  of the  I U  computer f i l t e r s  was done i n  o r d e r  t o  inaiiitain the  

p rev ious ly  se t  c o n t r o l  s t a b i l i t y  margins with the  newly increased 

payload requirement. 

Subsequent t o  the Pane l ' s  v i s i t  t o  MSFC i t  w a s  discovered 

t h a t  c e r t a i n  seals used on the  launch v e h i c l e  could not be ce r t i -  

f i e d  as compatible with LOX, GOX and o t h e r  o x i d i z e r s  a s  required 

by s p e c i f i c a t i o n .  This occurred because of confusion i n  a c t u a l  

materials employed i n  t h i s  p r o p r i e t a r y  seal .  The Panel understands 

t h a t  a c t i o n s  taken have resolved t h i s  problem. It i n d i c a t e s  t he  

importance of  management's cont inuing a t t e n t i o n  t o  t h e  t e c h n i c a l  

management systems i n  support  of f u t u r e  missions.  

- -  LUNAR ROVING VEHICLE (LRV) 

MSFC and Boeing personnel provided LRV management and hard-  

ware d a t a  t o  the  Panel with crew and sc i ence  i n t e r f a c e s  provided 
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TABLE IV 

SIGNIFICANT U U N C H  VEHICLE CHANGES TO 
IMPROVE RELIABILITY AND SAFETY 

Mbdification of TILT arrest time for S-IC stage engine out. 

Spacecraft computer-generated S-IV-B cutoff for TLI.  

Revise the instrument unit flight control computer. 

Modification of yaw nianeuver for tower avoidance. 
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by MSC. The 

j e c t i v e s  Consequently, the Panel considered 

The i n i t i a l  review a t  MSFC 

of the Rover i n  achiev ing  Apollo 15 ob- 

( 

provided a b r o a d  i n s i g h t  of phys i ca l  requirements  and the d e t a i l s  

of program management, i nc lud ing  c e n t e r  support  func t ions  while  
i 

t h e  Boeing Company and MSC coverage d e a l t  p r imar i ly  wi th  the  Rover 

hardware and o p e r a t i o n a l  d e t a i l s .  

The LRV program provided f o r  scheduled d e l i v e r y  of f u l l y  q u a l i -  

f i e d  f l i .ght hardware e igh teen  months from "go-ahead . ' I  

t iming was compounded by the  f a c t  i t  was t o  be the f i r s t  manned 

luna r  su r face  t r a n s p o r t a t i o n  u n i t  with s t r i n g e n t  requirements  f o r  

both complex s c i e n t i f i c  equipment, met iculous crew and LiYl i n t e r -  

f aces ,  and r i g i d  weight l i m i t a t i o n s .  

This  t i g h t  

Based on our  d i scuss ions ,  i t  appeared t h a t  t h e  e f f o r t s  of 

both NASA and the  prime c o n t r a c t o r  had now e s t a b l i s h e d  a v i a b l e  

management system f o r  t h i s  program. This included such th ings  as 

des igna t ing  key people a t  a l l  l e v e l s  by name t o  cope wi th  va r ious  

p o s s i b l e  problcm 'areas which might occur as a r e s u l t  of q u a l i f i -  

c a t i o n  t e s t i n g  a t  a n  acce le ra t ed  pace. 

mot iva t ion  and c a p a b i l i t y ,  MSFC took such s t e p s  as making s u r e  

To main ta in  personnel  

t h a t  the  c o n t r a c t o r  had a p lace  f and tech-  

nicians t o  do u s e f u l  work when - 



I 1 

19 i 
r 

Qual and acceptance tests indicate that the unanticipated 

problems from welding an3 soldering have been resolved. 

Furthermore, in light of the A p o l l o  13 recommendations, a 

qualified team was designated to follow- the LRV'S from the factory 

through launch. 

Continuing whccl/soil tests are contemplated to provide 

corrected speed and range data for traverse planning and we understand 

t h i s  will continue up to launch. This will no doubt be done with the 

idea that the first mission using the LRV must have adequate per- 

formance margins and operational flexibility. 

The Panel understands that significant aspects of the LRV 

dynaiiiic stability analyses have been incorporated into the LRV 

Operations Handbook with all known constraints identified. This 

provides the crew and support teain with much needed vehicle limi- 

tatlons and capabilitics. However , we further understand that no 
specific instructions have been foniiulatcd for such dynamic con- 

straints at the time of our review. Since experience is lack- 

ing in LRV operations in the lunar environment, the Panel attaches 

great importance to the use of real-time closed-loop mission con- 

trol with experts on the ground observing the operation and pro- 

viding proper mission rules,and guidance to the crew on the lunar 

surface. 

review. 

This has been mentioned as background for the Administrator's 
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Documentation, drawings, and test procedures appeared to 
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be i n  good shape. Any f u t u r e  r e v i s i o n s ,  of  course,  must be 

scrupulously c o n t r o l l e d  by the  a p p r o p r i a t e  l e v e l  of management 

t o  preclude i n t e r f e r e n c e  e f f e c t s  of  any kind. 

A s  explained t o  the  Panel, t he  LRV c r e w  t r a i n i n g  approach appears  

t o  be well-founded and implemented. 

techniques as developed during LRV t r a i n e r  ope ra t ion  are s t r u c t u r e d .  

to  be e f f e c t i v e  f o r  expected speed, s lope ,  and o b s t a c l e  cond i t ions  

A s  expected d r i v i n g  r u l e s  and 

a t  the Apollo 15  s i t e ,  b u t  the Panel cau t ions  t h a t  due t o  uncer- 

t a i n t  ies , d r i v i n g  techniques m u s t  be tempcrcd by r u l e s  which pre- 

clude the crew from approaching o r  e n t e r i n g  a regime from which re- 

covery techniques would be problematical .  

as background f o r  t he  Adminis t ra tor ' s  review. 

This i s  a g a i n  mentioned 

Tile Panel requested p r i o r  t o  t h e  reviews, t h a t  they be pro- 

vided a n  LRV safety assessment covering t h r e e  mission phases:  

(a) Prelaunch through luna r  landing. 

@) Deployment on luna r  su r face .  

( c )  Lunar s u r f a c e  ope ra t ions .  

Ind ica t ions  are t h a t  a l l  fo re seeab le  and i d e n t i f i e d  hazards t h a t  

have not  been el iminated have been considered and dec i s ions  made 

as t o  t h e i r  a c c e p t a b i l i t y .  This inc ludes  such hazards ,  and their  

r e s o l u t i o n ,  as: 

c (a )  When seated t h e  a s t r o n a u t  s l i d e s  down i n  h i s  space 

s u i t  t o  an e x t e n t  that  h i s  f i e l d  of view i n  front: and down is  some- 
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what l imi t ed .  Because of t h i s  the added emphasis of  s u i t e d  one-G 

t r a i n i n g  i s  appropr i a t e .  

(b) The tires of the  LKV are  m a d e  of s m a l l  diameter  w i r e  

which when broken have a p o t e n t i a l  to.,,puncture crew s u i t s .  Thus, 

i f  thc  crew i s  s u f f i c i e n t l y  aware of the poLentia1 danger inherent  

.in wheel con tac t  they can consciously avoid i t .  Under normal con- 

d i t i o n s  this  should pose no problem. 

(c) The a b i l i t y  of the  crew t o  r e t u r n  t o  the LM i n  the 

event  of LRV breakdown has been covered i n  q u i t e  some d e t a i l  as 

has the  use of the Buddy-Portable L i f e  Support System (PLSS) i n  case 

of PTSS problems. One p a r t i c u l a r  case  of double f a i l u r e  w a s  noted 

and qucstjoned by the Panel, i . e . ,  p o s s i b i l i t y  of LRV and PLSS 

f a i l u r e  a t  thc  same time. MSC ind ica ted  t h a t  the p r o b a b i l i t y  of 

such a double fa i lurc .  w a s  extremcly remote. A I  though s t ruc tu ra l .  

f a i l u r e  of  the LRV i s  considered a hazard,  t e s t i n g  and a n a l y s i s  

appears  t o  have made t h i s  h igh ly  u n l i k e l y  and consequently an 

acceptab le  r i s k .  

i d e n t i f i e d  a l l  s i n g l e  f a i l u r e  p o i n t s  and a f t e r  a n a l y s i s  f i nd  t h e m  

acceptab le  "as is," o r  where necessary,  work arounds o r  contingency 

The NASA cen te r s  and con t r ac to r  f e e l  they have 

p lans  are a v a i l a b l e .  

COMMAND AND SERVICE MODULES (CSM) 

I n  reviewing t h i s  area the  Panel f e l t  t h a t  b a s i c  t o  minimizing 
" 3  

the r i s k s  inherent  i n  the Apollo 15 CSM (CSM 112), i t  would be 
I 1  

necessary t o  a s su re  : 

. _  . . 1 ~ .~ . .  . ~ . . - . . . . . . . 
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(a) 

@) 

(c) Val idat ion of changes through a vigorous tes t  and/or 

Minimum hardware and procedural  change. 

Maximum u t i l i z a t i o n  of q u a l i f i e d  hardware. 

a n a l y s i s  program dependent on inclivid,ual case.  

(d) Proper a p p l i c a t i o n  of the lessons learned from 

Apollo 13. Our review indi.cates t h a t  t h i s  i n  f a c t  w a s  done. 

The t h i r d  02 tank i s o l a t i o n  valve has  been relocated.  The 

impact of SIM door e j e c t i o n  loads on t h e  va lve  has  been evaluated 

during r i s k  assessment. 

The S c i e n t i f i c  Instrument Module (SIM) i s  a s e p a r a t e  module 

and r e p r e s e n t s  

J missions.  11 I 1  

and control. of 

ordnnncc shock 

t h e  major change t o  the CSM for Apollo 15 and f u t u r e  

Thc Panel focused on a r e a s  such as i d e n t i f i c a t i o n  

hazards ,  SIM bay l i g h t i n g ,  temperature r e s t r a i n t s ,  

i s o l a t i o n ,  Kencl.ion Control System (RCS) plume con- 

tamination, EVA hand-hold and f o o t - r e s t r a i n t s ,  t e t h e r  arrangements 

and so on. Applicable s a f e t y  i s s u e s  were reviewed with t h e  under- 

s t and ing  t h a t  the t o t a l  s a f e t y  assessment awaits the  completion of 

hardware tests. Sa fe ty  review work discussed included sharp edge 

hazards  during EVA which had t o  be i d e n t i f i e d  and co r rec t ed  t o  

a s s u r e  they meet smoothness c r i te r ia  s e t  f o r t h  by MSC. I n  support  

of t h i s  work t h e  crew i s  r ece iv ing  t r a i n i n g  i n  v i s u a l  i n spec t ion  

procedures a s  a p a r t  of t h e i r  EVA t r a i n i n g .  

i n d i c a t e s  no areas accessab le  t o  the crewman i n  excess  of 190' F 

which i s  we l l  withj-n the s u i t  thermal to l e rance .  

Thermql hazards  a n a l y s i s  
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Because of t h e i r  mission s ign i f i cance  the  mission r u l e s  con- 

s t r a i n i n g  EVA i f  the s a t e l l i t e  cannot be j e t t i s o n e d  o r  S I M  booms 

r e t r a c t e d  should be considered f o r  i qc lus ion  i n  t h e  Adminis t ra tor ' s  

review. 

Within t h e  CM i t s e l f  t he  r i g h t  hand ou te r  window UV f i l t e r  

coa t ing  has  been removed t o  accommodate on-board UV photography. 

The hazard he re  w a s  the  p o t e n t i a l  crew discomfort  due t o  Ozone 

generat ion.  Equipment and hardware were the re fo re  changed and 

the  MSC Safe ty  Off ice  now cons iders  t he  hazard resolved.  

The SIM door j e t t i s o n  s i t u a t i o n  appears t o  have been thor-  

oughly inves t iga t ed  and t e s t e d .  

d ica ted  t o  t h e  Panel t h a t  these  tests have been success fu l ly  corn- 

pletec '  and t h a t  t he re  i s  no hazard t o  the  ad jacent  s t r u c t u r e .  

The Apollo Program Direc tor  i n -  

EXTRA-VEHICULAR MOBILITY UNIT (EMU) 

The A7LR spacesu i t ,  -7 PLSS/OPS, Buddy-PLSS opera t ion  po r t ions  

of the EMU were of p a r t i c u l a r  i n t e r e s t  due t o  t h e i r  d i f f e r e n c e s  

from p r i o r  u n i t s  and t h e i r  expected extended use on Apollo 15. 

The A7LB s u i t  requi red  improved d u r a b i l i t y ,  improved mobi l i ty ,  

a new c losu re ,  and changes f o r  EVA by the  CM p i l o t .  

A s  a r e s u l t  of these  requirements changes were made i n  the  

spacesui t  involving new z ippers ,  bootbladders ,  and increased PLSS 

c a p a b i l i t y .  

ca ted  i n  the  Adminis t ra tor ' s  review. P a r t i c u l a r  a t t e n t i o n  should 

The f i n a l  s t a t u s  of t hese  changes should be i n d i -  
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be given t o :  ( a ) .  

(c) restraint z i p p  

bladder ;  ( f )  manuh 

re s e a l i n g  c losu re ;  @) c ro tch  cable  assembly; 

system i n  the  PtSS (h) t he  r e t i a b i l i t y  of the  C02 seilsor. 

ASSEMBLY LC RU/ GCTA 

The p o s s i b i l i t y  af Using the  TV equipment as a d i agnos t i c  
, I  

t o o l  dur ing  luna r  surface opera t ions  was suggested by the  Panel. 

MSC/MSFC were explpr in@ the f e a s i b i l i t y .  Thei r  conclusions 

should be considereg $or i nc lus ion  i n  the  Adminis t ra tor ' s  
44 

review. 

LUNAR MODULE fiMJf 

The review of the  &M included the  many conf igu ra t ion  changes 

made t o  inc rease  lvnqr ' eu r face  s t a y  t i m e  and landed payload cap- 

a b i l i t y .  

f 

As back-up, 'capabi l i ty  dur ing  the  CSM experiments a c t i v -  

ity, t he  Panel reviewed a s a f e t y  a n a l y s i s  f o r  r e t a i n i n g  the  LM 

descent  propulsion syscem, consumbles ,  and landing s t a b i l i t y  were 

considered i n  more detai l  because of t h e i r  s i g n i f i c a n c e  i n  meet- 
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ing  the  Apollo misslon requ,rements. The b r i e f i n g s  ind ica t ed  

both MSC and GAC conducted an  ex tens ive  s tudy  of t he  need for  

q u a l i f i c a t i o n  by t e s t ,  a n a l y s i s ,  and q u a l i f i c a t i o n  through s i m i -  

l a r i t y  t o  prev ious ly  t e s t e d  components, subsystems and systems. 

TI-IERMAT, PROTECTION 

Rearrangement of hardware (j.n each of t he  four  quadrants ) ,  

extended s t a y  time, and propuls ion  changes a l l  requi red  t h e r -  

m a l  r econf igu ra t ion  and system r e q u a l i f i c a t i o n .  This was accom- 

p l i shed  through thermal-vacuum t e s t s ,  shock tunnel  hea t ing  t e s t s  

and analyses .  As presented ,  t he  depth and scope of e f f o r t  w a s  

convincing. 

LUNAR ROVING VEHICLE (LRV) 

This was d iscussed  i n  the  s e c t i o n  on the  LRV. 

DESCENT PROPULSION SYSTEM (DPS) 

This system was modified t o  provide the  c a p a b i l i t y  t o  land a 

Changes inc lude  lengthened heav ie r  v e h i c l e  on the  luna r  su r face .  

p rope l l an t  tanks t o  inc rease  capac i ty  by 1150 pounds, a change 

fro- a low grade s i l i c a  t o  h igh  grade q u a r t z  f i b e r s  i n  t he  engine 

chamber t o  permi t  longer  burn t i m e ,  a ten- inch nozzle  ex tens ion  

t o  increase ISP, and deletion of p r o p e l l a n t  tank balance lines. 

Extensive t e s t i n g  was accomplished on these  changes, p a r t i c u l a r l y  
* 
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on the engine modifications. 

qualification program had been accomplished. 

Data presented indicated a thorough 

..I 
CONSUMABLE S 

A review of consumable margins for 67 hour Lunar stay showed 

that positive margins exist €or all consumables after allowances 

for dispersions and contingencies. In the case of descent stage 

water, although the tank capacity is 666 pounds, the tanks are 

filled to cover mission plus contingency needs of 377 pounds. 

l h e  basis for these analyses appear sound. 

LANDING STABIIGE 

The LM-10 stability analysis presented, based on previocts 

work which was proved-out on Apollo 11, 12  and 14, showed a greater 

margin for a stable landing with LM-10 than with pricr vehicles. 

It is noted that GAC/EISC used a number of refinements in this pro- 

gram, reflecting flight experience and a better understanding of 

the inter-action of stability factors such as terrain slope, 

velocities, attitude rate, pilot reaction times, etc. 

KSC LAUNCH PREPARATIONS 

This visit afforded the Panel an opportunity to review the 

launch preparations for Apollo 15 at a time of increasing activity 

and to gain insight into those changes in hardware and procedures 

iytituted as a result of their Apollo 13 efforts. 

Many of the significant hardware changes reviewed by the Panel 
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dur ing  the  previous c e n t e r  and c o n t r a c t o r  v i s i t s  were d iscussed  

wi th  r e spec t  t o  t h e i r  p rocess ing  a t  KSC t o  a s s u r e  proper  ope ra t ion  

and i n s t a l l a t i o n .  I n  a d d i t i o n ,  t he  i n t e r - c e n t e r  t echn ica l  support  

and KSC s a f e t y  a c t i v i t i e s  were review,cd. The Panel expressed an  

i n t e r e s t  i n  t he  a v a i l a b i l i t y  of necessary documentation such as 

vendor drawings f o r  use i n  t roubleshoot ing  i n  view of decreas ing  

non-NASA support  f o r  remaining Apollo f l i g h t s .  The s t e p s  taken 

by the  development c e n t e r s  t o  both augment the drawing f i l e s  a t  

KSC and t o  improve re t r ieval  time from f i l e s  a t  a l l  l oca t ions  

appear t o  have born f r u i t .  KSC s t a t e s  documentation is a v a i l a b l e  

i n  depth and i n  a form necessary t o  meet t h e i r  requirements.  

S t a t u s  of the  Apollo 15, a t  t he  time of t he  review, w a s  i n d i -  

ca t ed  as being on schedule wi th  no more problems than found on any 

p r i o r  launch even though Apollo 15 contained many new items due 

t o  "J" mission requirements.  An i n t e r f a c e  problem surfaced dur- 

i n g  LM-10 descent  engine gimbaling t e s t s .  m r i n g  t h i s  test  the  

extended nozzle  scraped a long  the  dome blanket  of t he  S-IV-B 

tank  i n d i c a t i n g  a l ack  of proper  c l ea rance .  The proper  change 

w a s  made f o r  AS-511 bu t  no t  app l i ed  t o  AS-510 as requ i r ed  by the  

s t a c k  e f f e c t i v i t y  change. This evidences the  need f o r  cont inuing  

management a t t e n t i o n  t o  t he  a p p l i c a t i o n  of t he  e x i s t i n g  config-  

u r a t i o n  management system t o  changes i n  the  fu tu re .  

KSC has c a r r i e d  out: a s t r u c t u r e d  program of  mission and i n d i -  

v i d u a l  t e s t  s imula t ions  wi th in  the  Launch Control  Center, inc luding  
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f a i l u r e  s imulat ions t o  mainta in  competence of t h e i r  ope ra t iona l  per -  

sonnel.  KSC ind ica t ed  t h a t  t h e i r  o p e r a t i o n a l  r e l a t i o n s h i p s  with the  

Houston Mission Control Center are e x c e l l e n t  and the  team a t  MCC 

i s  activzited a t  the time the  v e h i c l e  yoved t o  the launch pad and 

has  a ided cons iderably  i n  the problem so lv ing  required dur ing  the 

c r i t i ca l  launch checkout per iod.  

Having reviewed the development, manufacture and planned use 

of the  LRV and SIM a t  MSC, MSFC, and The Boeing Company, the  

Panel reviewed the t e s t  and checkout of these  subsystems a t  the 

Cape. 

of tests s t i l l  t o  be conipleted a t  KSC. We discussed t h i s  l a t e r  

w i th  the  Apollo Program Director  and he ind ica t ed  these were 

comicg t o  a conclusion on schedule.  

A t  the tinie of our review there  were a s i g n i f i c a n t  number 

KSC appears  t o  have conducted d e t a i l e d  and cont inuing  l i a i s o n  

wi th  the cognizant development c e n t e r s  i n  acconpl i sh ing  t h e i r  pro- 

c e s s  work. 

The Lightning Warning System, as descr ibed,  i n d i c a t e d  a grow- 

i n g  knowledge i n  t h i s  area. 

have the p r e c i s i o n  t h a t  o t h e r  launch ope ra t ions  have, and as ex- 

pected i t  i s  s t i l l  an  a r t .  The system f o r  l i g h t n i n g  p r o t e c t i o n  

and deterniination of impact of l i g h t n i n g  s t r i k e s  on hardware is 

one t h a t  i s  worthy of f u r t h e r  study. 

Yet the methodology t o  d a t e  cannot 

NASA's advanced methods 

should be disseminated for use by o t h e r  segments of the aero-  

space conmuni t y  . 
During the  conduct of the FRT (F l ight  Readiness Tes t ) ,  the 
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the Panel was to have had the opportunity to see the Apollo Alert 

System in partial operation. This system is an outgrowth of not 

only Apol lo  13 recommendations, but of prior considerations . 

climaxed by A p o l l o  13. The alert system, when fully operational, 

should reduce prelaunch and launch trouble-shooting problems. 

Siven their significance, both these items are suggested for inclusion 

in the Administrator's review. 

SUMMARY 

The review emphasized the following areas: 

(a) Management policies, systems, and their implemen- 

tation as used to establish the design and safety maturity of 

Apollo 15 (and subsequent "J" missions) and its ability to meet 

misston requirements. This includes the qualification testing 

and analysis programs and their rationale, performance impacts, 

configuration management, and inter-center operations. This was 

specifically directed towards : 

(1) Apollo 14 anomalies and their close-out. 

(2) New and modified elements of Apollo 15 space 

system and mission. 

(3) Launch preparation for Apollo 15. 

(b) Risk management process: 

(1) Identification of hazards associated with new 

and modified elements of A p o l l o  15 hardware and mission. 

(2) Failure effect and acceptance or avoidance 

rationale. 

(3) Safety assessment and hazard control 
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(c) Retention of c r i t i c a l  knowledge and s k i l l s  a t  proper 

loca t ions  and wi th  dimishing con t r ac to r  and vendor support .  

S p e c i f i c  items q r e  summarized below, based on the  body of t h i s  

r epor t ,  and r ep resen t  t he  Panel ' s  conclus ions :  

(a) The response t o  the  Panel ' s  review requirenlents as 

s e t  f o r t h  by the  agend'as was, on the  whole', f rank and informativc.  

@) Two cont inuing  c h a r a c t e r i s t i c s  of NASA's Apollo 

management philosophy t h a t  a r e  important i n  meeting mission 'goals 

a r e  dTeta i led  s u r v e i l l a n c e  of c o n t r a c t o r  a c t i v i t i e s  and the  depth 

of NASA in-house reviews. ' m e s e  c a p a b i l i t i e s  a r e  perhaps most 

po r t an t  i n  a s su r ing  the  r i s k  assessments and r e s u l t i n g  r i s k  assump- 

ns a r e  made wi th  maxinm knowledge i n  a time of cont inuing per- 

sonnel  reduct ions .  The Panel was impressed with the  c u r r e n t  s t a t e  of 

hcse c a p a b i l i t i e s  and t h e  importance of cont inuing  management a t t e n -  

n to t he  maintainance of them. 

(c) 

f a i l u r e s  found i n  the?  

I'hc system f o r  the r e s o l u t i o n  of the  anomalies and 

110 14 appears  s a t i s f a c t o r y .  
1 

(d-) Launch v e h i c l e  hardware and ope ra t  modi f ica t ions  

t o  achieve g r e a t e r  payload capac i ty  appear  so  

v i d u a l  s t a g e  matur i ty .  Sustained success fu l  launch and f l i g h t  

opera t ions  experience,  coupled wi th  a f i rmly  e s t ab l i shed  con- 

igu ra t ion ,  provide such matur i ty .  The dec i s ion  t o  inc lude  ce r -  

jn ,minor  changes to ,enhance  mission r e l i a b i l i t y  and s a f e t y  
1 ,  

appcars  reasonable. 

} Based on, 

degree of copfidence among the  OMSF Centers  and 

. *  
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c o n t r a c t o r  t h a t  t he  LRV ma tu r i ty  has  been f u l l y  demonstrated by 

ex tens ive  tests and t e c h n i c a l  analyses. Because the  LRV has  not  

"f lawn" befo re  the  a s t r o n a u t  t r a i n i n g ,  ope ra t iona l  performance . 

a n a l y s i s ,  t r a v e r s e  planning and a t t endan t  mission r u l e s  t ake  on 

added s j g n i f i c a n c c .  The Panel f e e l s  t h a t  because experience i s  

lacking  i n  the  lunar  environment, i t  i s  most itnportant t o  have 

r e a l - t i m e  c losed loop mission c o n t r o l  wi th  expe r t s  he re  on e a r t h  

observing t h e  opera t ion  and sending proper mission r u l e s  and 

guidance t o  t h e  crew. 

, 

( f )  The CSM modi f ica t ions  t o  support  t he  extended mission 

and luna r  o r b i t  experiments were numerous. "he r igorous  t e s t  and 

a n a l y s i s  program, 3s descr ibed  t o  t h e  Panel, indic.ates a thorough- 

ness  of  t e c h n i c a l  management necessary t o  minimize the  risks asso- 

c i a t e d  wi th  the  "J" type mission.  

(g) The improved A7L-R spacesu i t  and the  -7€?T,SS f o r  

Apollo 15 have had their s h a r e  of development problems no t  u n l i k e  

those used on Apollo 's  11 through 14. Based on d a t a  presented and 

success fu l  completion of  qua l  tests, i t  appears  t h a t  t he  inhe ren t  

r i s k s  he re  are no more o r  l ess  than on previous f l i g h t s .  The use 

of t e f l o n  f a b r i c  has  been extended and now covers  t he  e n t i r e  s u i t .  

The be ta  c l o t h  base m a t e r i a l  i s  judged by MSC t o  s a t i s f a c t o r i l y  con- 

s t r a in  any f i r e  propagation. 

- (h) The LM has been modified i n  many a r e a s  to  meet Apollo 15 

o r  "J" mission requirements.  Here aga in  r igorous  t e s t i n g  and a n a l y s i s ,  

as  descr ibed t o  the  Panel, i n d i c a t e s  an awarencss of the  hazards  



32 
" 

involved and an a t t empt ,  where p o s s i b l e ,  t o  a l l e v i a t e  o r  e l imina te  

the  a s soc ia t ed  r i s k s .  

(i) The risk management process cont inues t o  be an in-  

he ren t  p a r t  of the Apollo management Gystem. It is supported by 

an ex tens ive  system of p o l i c i e s ,  procedures and a c t u a l  implemen- 

t a t i o n  wSich i d e n t i f i e d  hazards ,  eva lua te s  and a s s e s s e s  the r i s k s ,  

and provides  reasonable a c t i o n s  to e l imina te  o r  a l l e v i a t e  a l l  those 

concerned with human s a f e t y  and mission success .  

Thc conclusions based on this summary a r e  s t a t e d  a t  the  be- 

ginning of the r epor t .  
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FROM: Dr. George M. Low, Acting Adminis t ra tor  

Since we w i l l  soon begin the  Apollo “J” missions,  I have asked 
the  Aerospace Sa fe ty  Advisory Panel t o  review the  changes i n t r o -  
duced wi th  Apollo 15 and the  a t t e n d a n t  system f o r  riek assess- 
ment, i nc lud ing  those t e c h n i c a l  management systems t h a t  impact 
i t .  

I have also asked the Panel t o  review the  cont inuing  evo lu t ion  
of the  risk assessment system on the  Skylab and Space S h u t t l e  
prograins. This again would inc lude  those t e c h n i c a l  management 
systems t h a t  would impact r i s k  assessment. 

The review, as now plenned, will take the  Panel to the  Manned 
Space Flight Centers and a p p r o p r i a t e  major c q n t r a c t b r s  beginning 
in e a r l y  February. 

The Manned Space F l i g h t  o rgan iza t ion ’ s  cont inuing  support  of the 
Panel a c t i v i t i e s  is appreciated.  

c 
G E O R ~ E  M. LOW 
Acting Administrator 

Appendix A 
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AGENDA FOR MEETING OF 

AEROSPACE SAFETY ADVISORY PANEL 

AT 

MARSHALL SPACE FLIGHT CENTER 

FEBRUARY 1 9 7 1 

< 

Apollo 14 Launch Vehicle - significant events 
Apollo 14 vs Apollo 15 (Launch Vehicle) 

Mission/Operational Differences 

Launch Vehicle/Software Differences 

Lunar Roving Vehicle 

Introduction and Background 

End Item Description 

Requirements 

Crew Integration 

Reliability and Safety Activities 

Testing 

Quality Assurance 

Management Systems 

Schedules 

Skylab Program 

Introduction, Organization and Responsibilities 

Sys tens De script ion 

Inspect ATM Assembly Area 

Appendix B 



Inspect Skylab Mock-up Hardware Area 

Materials Compatibility 

Caution, Warning and Emergency Systems . 
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AEROSPACE SAFETY ADVISORY PANEL 

AT 

WASHINGTON, D. q. 

(MOLL0 PROGRAM OFFICE) 

MARCH 1971 

APOLLO 14 MISSION REPORT 

CSM Problems  

LM Problems  

02 System Fl igh t  T e s t  Results 

Mission Events 

Mission Results 

APOLLO 15 MISSION REPORT 

D e t a i l e d  Objectives 

I n c r e a s e d  C a p a b i l i t i e s  

Launch Vehicle Per formance  

S p a c e c r a f t  Weight 

Changes and  M o d i f i c a t i o n s  

L RV 

O p e r a t i o n a l  A s p e c t s  

MANNED SPACEFLIGHT NETWORK (Goddard S p a c e  Flight Center) 

Appendix  C 
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AGENllA FOR MEETING OF 

AEROSPACE SAFETY ADVISORY PANEL 

AT 

THE BOEING COMPANY, KENT, WASHINGTON 

APRIL 1971 

INTRODUCTION 

Design Familiarization 
Program Description 
Schedule 

PROGRAM MANAGEMENT CONTROLS 

Organization 
Suppliers 
Schedules 
Program Control and Reporti-ng 
Configuration Management 

LRV OPERATIONS 

Material Procurement 
Manufacturing Control 
Quality Assurance 
Industrial Safety 

W\RDWARE/FACILITY TOUR 

DESIGN CERTIFICATION 

Requirement s 
Performance 
Design 

Design Criteria 
Subsystem Assessments 

Chassis 
Mobility 
Electrical 
Navigation 
Crew Station 
Thermal Control 

Appendix D 
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Space Support Equipment (SSE) 
Ground Support Equipment (GSE) 

Vehicle Assessments 
Dust 
Inter face Requl. remen t s 

Test Program Summary 
EMI/E~IC 

Rel iabi l i ty  and Safety Assessment 
Summary 
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AT 

MANNED SPACEFLIGHT CENTER, HOUSTON, TEXAS 
'< 

MAY 1971 

OBJECTIVE OF REVIEW 

APOLLO 14 PROBLEM UPDATE 

CSM 
LM 
GFE 
ALSEP 
"J" MISSION DIFFERENCES - LM 

LM-8 and LM-10 Major Configuration Differences for 

Weight and Performance 
Consuma b 1 e s Mar g in 
Landing Stability 
CTWCTE Status 
Current Problcms 

LUNAR SURFACE OPERATIONS 
"J" MISSION DIFFERENCES - CSM 

Payload and Hover Time 

New Requirements 
Ground Rules 
Design Approach 
Mod if ica t ions 
SIM Checkout 
Crew Station Details, Including EVA 
Certification Status 
Current Open Problems 

Introduction 
"J" MISSION DIFFERENCES -GFE 

Major Subsystems of the Em- 
"J" Mission Performance Requirements 

Pressure Garment Assembly 
Portable Life Support System 
GCTA 
LCRU 
Sa f e t y As se s sinen t 

- 

Appendix E 
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AGENDA FOR'EIEETING OF 

AEROSPACE SAFETY ADVISORY PANEL 

AT 

KENNEDY SPACEFLIGHT CENTER, COCOA BEACH, FLORIDA 

JUNE 1971 
'* 

Introduction and General Discussion 

Apollo 15 Launch Processing and Test Status 

Apollo 15 Safety Activities 

Inter-Center Technical Support on Significant Problems and 
Management Fosture During Launch Related Operations 

Operation of Lightning Warning System 

Off-Line Flight Support During Mission 

ASC Alert System 

Review of Alert System i n  Firing Room 

Appendix F 


